Three cases of sarcoidosis with granulomatous interstitial nephritis are reported. Patients were all male and over 50 years of age. They simultaneously had evidence of multiorgan involvement of sarcoidosis including lung and skin and/or eye. In addition, distinct features were found in each case: a granulomatous infiltration mimicking unilateral renal tumor (case 1); renal insufficiency solely due to granulomatous interstitial nephritis (case 2); and renal insufficiency with calcemic nephropathy and granulomatous interstitial nephritis (case 3). Prednisolone therapy resulted in disappearance of the pseudotumor in case 1 and partial improvementof renal function in cases 2 and 3. In cases 2 and 3, however, plasma creatinine did not return to normal values and a second renal biopsy in case 2 demonstrated residual interstitial fibrosis and few granulomas, suggesting that steroid therapy did not achieve complete reversal of changes. (Internal Medicine 40: 241-245, 2001) 
Introduction
Sarcoidosis is a chronic systemic disease of unknowncause characterized by the formation of epithelioid cell granuloma at the site of the involved organs. Renal impairment in sarcoidosis generally results from: (a) disordered calcium metabolism related to dysregulated production of 1 ,25-dihydroxyvitamin D3by activated macrophages trapped in pulmonary alveoli and granulomas inflammation; (b) consequences of granulomatous infiltration of the renal parenchyma; and (c) the association of glomerular diseases, which maybe more than coincidental as an altered immuneresponse has been provoked in the pathogenesis of sarcoidosis (1) . Of these, the disordered calcium metabolism is the most common and it appears clinically as hypercalcemia or hypercalcinuria, and results in abnormal renal function, nephrocalcinosis or urolithiasis. Although the presence of granulomas in the kidney has been reported in up to 40 percent of patients with sarcoidosis at autopsy (2), granulomatous infiltration is rarely diagnosed clinically since it usually has no effect on renal function. However,it maypresent rarely as renal failure in somepatients and to our knowledgeonly about 70 cases have been reported (1, (3) (4) (5) (6) (7) . In addition, although granulomatous infiltration may cause enlargement of the kidney, granulomatous infiltration producing renal mass is extremely rare (3) . Wereport three cases of sarcoidosis with granulomatous interstitial nephritis each having distinct features: a granulomatous infiltration mimicking a unilateral renal tumor; renal impairment solely due to granulomatous interstitial nephritis; and renal impairment due to calcemic nephropathy and granulomatous interstitial nephritis. (Fig. 1) . Total body gallium-67 scan demonstrated multiple resions of uptake in subcutaneous nodules, bilateral lungs and kidneys, but the uptake in the left kidney was far more prominent than that in the right (Fig. 2) . infiltrates and juxtaglomerular non-caseating epithelioid cell granuloma with giant cells were present both in the mass-like lesion and in both kidneys (Fig. 3 ) and no depositions of immunoglobulins were observed by immunofluorescent study, A transbronchial lung biopsy was also performed and showed non-caseating epithelioid cell granuloma with giant cells. The patient was started on 20 mg of prednisolone. Repeat CT taken three months later showed reduction in the size of the masslike lesion and both kidneys (Fig. 4) . Simultaneous gallium scan also showed resolution of all focal areas of accumulation (Fig. 5) . The patient has been on a tapering dose of prednisolone for 10 months without any evidence of recurrence.
Case2
A 50-year-old man with sarcoidosis was hospitalized because of renal failure and patchy pulmonary infiltrates. Four years ago, a routine chest radiograph showed bilateral hilar lymphadenopathy. Transbronchial lung biopsy revealed noncaseating granulomas, confirming the diagnosis of sarcoidosis. Subsequently, he developed uveitis and was treated with oral prednisolone for 4 months. He had been asymptomatic without medication and follow-up chest roentgenogram was normal afterwards. One month before hospitalization, he developed a moderate grade fever and productive cough. Crackles were heard over both lungs and the chest radiograph showed bilateral patchy infiltrates. Laboratory tests revealed elevated angiotensin converting enzymeand serum creatinine level and decreased creatinine clearance (Tables 1, 2) . Renal involvement with granulomatous interstitial nephritis and relapse of pulmonary involvement was diagnosed with percutaneous renal biopsy and transbronchial lung biopsy. Immunofluorescent study revealed no deposition of immunoglobulinsin glomerular regions. Noevidence of hypercalcemia, hypercalcinuria or calcemic nephropathy was found. Treatment with 40 mg/day prednisolone was started. Three monthslater, a chest roentgenogramwas normal and the serum creatinine level was decreased but still remained abnormal ( 164 |imol//). Then a renal biopsy was again performed and revealed few granulomas, residual interstitial fibrosis and tubular atrophy. Corticosteroid Gallium-67 scans prior to therapy in case 1. Increased uptake by multiple subcutaneous lesions, bilateral lungs and kidneys is seen. The uptake in the left kidney is far more prominent than that in the right therapy was gradually tapered without relapse and was discontinued three years later. Serumcreatinine was gradually reduced to 120 (imol//, but it has not become normalized.
Case3
A 60-year-old manwith sarcoidosis was hospitalized for further examination of renal insufficiency. Four years earlier sarcoidosis with eye, lung and skin involvement was diagnosed, and the patient was on corticosteroid treatment for about three years. During this period he also had left-sided nephrolithiasis and was treated with lithotripsy. He had still been asymptomatic even after discontinuation of steroid therapy, but six months prior to hospitalization impairment of renal function had been found by follow-up laboratory tests. Physical examination revealed no abnormalities, but laboratory tests showed haematuria, increased serum creatinine and angiotensin converting enzyme level, decreased creatinine clearance, and hypercalcinuria (Tables 1 , 2 ). Renal ultrasonography showed bilateral nephrolithiasis. A percutaneous renal biopsy was performed and light microscopy revealed non-caseating granulomas with moderate interstitial fibrosis. Nodeposition of immunoglobulins was found in glomerular regions. Treatment was begun with 40 mg/day prednisolone for one month, the dosage being progressively reduced. Four months later, the serum creatinine level decreased to 136 \imo\/l and the therapy was discontinued without recurrence, but the patient still had bilateral nephrolithiasis and serum creatinine has not returned to normal.
Discussion
Granulomatous infiltration of the kidney producing renal enlargement with distortion of the normal contour and mimicking renal tumor as in case 1 is an extremely uncommon manifestation of sarcoidosis and only a few cases have been reported (3, 8) . Rohatgi et al reported a similar case and found that the granulomas were con fluent (3). Although the biopsy specimen of case 1 did not reveal remarkable confluence, we speculate that the coalition of granulomascould be the mechanism which mimicks a tumor because the accumulation of gallium-67 in the left kidney was far more prominent than that in the right. showed that the patients commonlyare men, 40 years or older and had multiple extra-renal involvement (4), a condition met by our patients. The functional significance of granulomatous interstitial nephritis for renal impairment is often difficult to interpret because of the frequent coexistence of calcemic nephropathy as in case 3 (1) . Hypercalcemia occurs in 10%of the patients with sarcoidosis whereashypercalcinuria occurs more commonly, being present in up to 60% (9) . In our previous report, 44% of patients with sarcoidosis had hypercalcemia or hypercalcinuria ( 10) . Several cases associated with abnormal renal function in the absence of hypercalcemia, hypercalcinuria, nephrocalcinosis and urolithiasis as in case 2 have been reported. In those cases, renal dysfunction was thought to be exclusively related to granulomatous tubulointerstitial nephritis. Corticosteroids are generally effective against granulomatous interstitial nephritis. The usual starting dose of prednisolone is 1 mg/kg or 30 to 40 mg daily (1, 4) . Relapse may occur at doses of 7.5 mg/day or less, or if therapy is withdrawn within 5 to 7 months (10). In case 2, oral prednisolone rapidly reduced the serum creatinine but that was still abnormal after 4 months of treatment. A second renal biopsy revealed increased interstitial fibrosis and tubular atrophy. According to the review of 57 cases of granulomatous interstitial nephritis (4), the majority of patients had residual renal impairment after a successful course of treatment and a second renal biopsy was performed in 13 cases. Of these, interstitial fibrosis was shown in eight cases and granulomas in five. Cruzado et al also reported that renal function improved but was still abnormal after one year of treatment with corticosteroids and a second biopsy showed mild interstitial fibrosis without granulomas (5). These observations suggest that granulomatous interstitial nephritis may bring about a degree of irreversible renal impairment because of the subsequent chronic tubulointerstitial nephritis. In case 2, corticosteroid treatment was withdrawn three years latar and the patient has not suffered a relapse afterwards. Although the optimal duration of treatment should be individualized, a year or more may be necessary since relapse is generally not seen upon withdrawal after nine months(1 1). Treatment with cyclosporine A has been proposed as an alternative to corticosteroids, but the results have not been encouraging (12) . Granulomatous interstitial nephritis is a clinically rare manifestation of sarcoidosis. However, since it mayproduce significant morbidity, recognition of its characteristics is important especially for the respiratory physician who is usually involved in the management of patients with sarcoidosis. 
